pital admittance, 9 and the development of hyponatremia. 10 The botanical ginger root (Zingiber officinale) has been used to reduce pain in several populations, 11 including soreness that stems from resistance training exercise. 12 The mechanisms responsible for the analgesic properties of ginger root remain an active area of research and likely involve the blocking of cyclooxygenase (COX) enzymes and agonistic effects on the transient receptor potential vanilloid 1. 11 Ginger root, in contrast to NSAIDs, may act as a promoter of GI integrity 13 and has demonstrated bronchodilatory effects.
14 These GI-promoting and bronchodilatory properties of ginger root-along with its purported analgesic effects-make it a potentially appealing compound for the management of endurance-exercise-related pain.
Despite some research examining ginger as an analgesic for resistance-training-induced soreness, 12, 15 no studies have examined whether ginger root reduces muscle soreness and improves muscle function in the context of endurance training and competition. Given that NSAIDs can cause substantial adverse effects, additional research is needed to evaluate the analgesic properties of alternative compounds, including nutraceuticals. Thus, the purpose of this pilot investigation was to examine the effectiveness of ginger root for reducing muscle soreness and improving muscle function following a long-distance training run. Students enrolled in a marathon training course were recruited for a randomized, parallel-group, double-blind, placebo-controlled trial supplementing 2.2 g·day -1 of ginger root or placebo for three days before, the day of, and the day after a 20-22 mile training run. We hypothesized that ginger root supplementation would result in less muscle soreness and improved muscle function.
Procedures and Findings

Participants
Participants were recruited from a university-based marathon training course. Exclusion criteria included injury preventing a 20-22 mile run, analgesic use, antidepressant use, blood-thinning medication use, and presence of any bleeding disorder. Study procedures were approved by the university's institutional review board and all participants signed an informed consent document. Overall, 23 participants were enrolled in the study. One participant was lost to follow-up, one sustained an injury, and one competed in a triathlon instead of the training run. Analytic sample sizes were n = 8 for ginger root and n = 12 for placebo (Table 1) . Students enrolled in the course had been participating in marathon training for approximately four months when the supplementation protocol and study assessments occurred. Students underwent three to five training sessions per week, with gradual increases in mileage. Average weekly mileage was approximately 20 miles per week, and for the week before data collection, mileage was set at approximately 30 miles.
Outcomes
Participants attended a prerun session four days before completing a 20-22 mile training run. Participants rated muscle soreness on a 100-mm visual analog scale, which has been shown to be a valid and reliable approach to assessing human pain. [16] [17] [18] Soreness measures included the front lower leg (FLL), back lower leg (BLL), front upper leg (FUL), back upper leg (BUL), gluteals (GLU), during a stand-to-sit (STS), and during jogging at a pace equal to 12 on the Rating of Perceived Exertion (RPE) scale. 19 For FLL, BLL, FUL, and BUL ratings, participants isometrically contracted each muscle group for 3 s while a researcher applied resistance to prevent joint movement. Participants contracted the glutes while standing. Participants rated soreness immediately after each isometric contraction. Participants then rated overall soreness during STS and after 1 min of jogging on a treadmill at an RPE of 12. The same treadmill speed used for prerun testing was used for posttreatment testing.
Participants subsequently completed vertical squat jumps on a force platform (Kistler 9286AA, Switzerland). Skeletal muscle damage associated with high-volume running likely results from a combination of mechanical strain and metabolic factors. 20 The resulting damage from prolonged running may result in decreased force and power production. Reductions in vertical jump height that last for days have been reported after marathon running in highly-trained runners. 21 Furthermore, Petersen et al. 21 documented an increased ground contact time needed to perform the countermovement jump after a marathon. We used jumping mechanography to investigate muscle function due to its ability to detect these changes. In line with the aforementioned research, 24 hr following the training run participants in this study experienced a mean reduction in jump height of 1.8 cm (Eta squared = .64; p < .001).
Participants were instructed to squat down to 90º knee flexion and maintain that position until instructed to jump for maximal height. The force platform sampling frequency was 1,202 Hz and was filtered using a 50 Hz fourth-order Butterworth low-pass filter. Takeoff was when the net force trace equaled the unloaded force platform value plus peak residual from a 0.3 s period during flight. The vertical velocity of the center of mass at takeoff was calculated from ground reaction force using the forward dynamics approach. 22 Average rate of force development (RFD) was calculated as peak force divided by time to peak force. Jump height was determined as the square of the vertical velocity of center of mass at takeoff divided by two times gravity. 23 Participants completed a 20-22 mile training run four days after the baseline visit, starting at 7:30 a.m. The range in distance covered was due to the fact that students varied in their individual training progression. The students ran two miles farther than their previous longest run during training. Average distances covered in the ginger root and placebo groups were 21.6 and 21.5 miles, respectively. The run was done on a paved bike path, mostly consisting of asphalt, with small sections of concrete, and there were minimal changes in elevation (course ranged from 727 to 908 feet above sea level). The following day, participants repeated the outcome assessments in the same order as during the prerun session. Training volume was low on the days between the pre-and postrun assessments, with a total of three days off and one 40 min easy run two days before the 20-22 mile training run.
Ginger Root and Placebo Supplementation
After completion of prerun assessments, participants were randomized to five days of 2.2 g·day -1 of ginger root or placebo (rice flour). The dosage used was based on previous work showing reductions in resistance training soreness with roughly 2 g·day -1 of ginger. 12 The supplements and placebos were provided by NOW Foods (Bloomingdale, IL). We did not attempt to control the levels of ginger constituents (6-, 8-, 10-gingerol, and 6-shogaol) in the supplements. However, to ensure the supplements had adequate levels of gingerols and shogaols, the supplements were sent to an independent laboratory (GAAS Analytical, Tucson, AZ) for testing via reversed phase high-performance liquid chromatography. 24 The analysis detected 2.79 mg·g -1 of 6-gingerol, 0.43 mg·g -1 of 8-gingerol, 0.54 mg·g -1 of 10-gingerol, and 2.48 mg·g -1 of 6-shogaol, which are similar concentrations to those detected in commercially-available supplements. 25 Randomization was carried out using blocks of six to ensure a relatively equal distribution of participants in each group. Participants were instructed to take two capsules two times per day immediately before eating. Adherence was checked using self-report logs and by counting capsules remaining in bottles at the end of the study.
To evaluate participant blinding, participants filled out a form after taking one to two days' worth of capsules. This timeframe was chosen to avoid the possible effects of differential efficacy on muscle soreness (e.g., participants correctly guessing ginger root because it produced soreness relief). Participants were allowed to guess whether they were taking ginger root, placebo, or that they didn't know. Participants also rated guess confidence on a scale from 1 to 5 (1 = not confident, 3 = moderately, 5 = nearly certain) and provided an open-ended rationale for their guess.
Statistical Analysis
Data were evaluated for normality using the Shapiro-Wilk test. Because of nonnormality, all data are presented as medians (ranges). Quade's rank analysis of covariance (ANCOVA) was used to assess differences between the ginger root and placebo groups. 26 Each variable was rank-transformed and unstandardized regression residuals were computed using each prerun value as a predictor of the postrun value. Residuals were entered into a one-way analysis of variance as the dependent variable, and treatment group was considered the factor. A two-tailed significance value of p < .05 was used for all tests. Data were analyzed with SPSS (IBM, Armonk, NY).
Results
Median (range) prerun, postrun, and change values for muscle soreness are presented in Table 2 . The results of the Quade's rank ANCOVAs for soreness indicated the only difference between the groups was for jogging at 24-hr postrun (F = 4.6, p = .04). The difference was similar after excluding one participant in the placebo group that did not ingest at least 80% of the capsules (F = 4.3, p = .05). Individual muscle soreness ratings during jogging are shown in Figure 1 . Table 3 presents Figure 1 Individual muscle soreness ratings during jogging. the vertical jump data, and there were no differences between groups for jump height (F = 0.01, p = .93), peak force (F = 0.59, p = .45), and average RFD (F = 0.01, p = .92). Table 4 shows the results of the blinding assessment. Five of eight participants in the ginger root group correctly guessed ginger. Two participants reported a ginger smell and one a ginger taste. However, the other two participants that correctly guessed ginger root said they had no specific reason to guess ginger. No serious adverse events were reported by participants.
Discussion
This randomized, double-blind, placebo-controlled trial evaluated the effects of 2.2 g·day -1 of ginger root on muscle soreness and function among individuals undergoing a 20-22 mile bout of running. Importantly, participants were in the midst of marathon training, providing substantial ecological validity in the context of the everyday rigors of training. The results provide tentative evidence that ginger root may reduce postexercise soreness experienced while engaging in dynamic movements such as jogging. Ginger root, however, did not have an effect on muscle function during a vertical jump, although our sample size was not large enough to detect small to moderate effects.
Our results show a reduction in muscle soreness without any substantial benefit for muscle function, supporting the results from Black et al., 12 who found that 11 days of ginger supplementation (2 g·day -1 ) reduced soreness from elbow flexor exercises but had no clear effect on muscle function. The study compared ground, raw ginger and heat-treated ginger consumption to placebo, and both forms of ginger reduced soreness by a similar magnitude (by 25% and 23% relative to placebo, respectively, p < .05). Despite the reductions in soreness, no significant effects were found for isometric force at 90º of elbow flexion, range of motion, or arm volume. Other studies also support the notion that reductions in muscle soreness with nutraceutical supplementation do not necessarily equate to simultaneous improvements in muscle function. [27] [28] [29] The discordant effects of ginger root on muscle soreness and function may stem from the fact that these outcomes are caused by different mechanisms and reflect different phenomena. 30 Previous research supports the notion that COX inhibition-which is a primary pathway of ginger root-reduces muscle soreness but has little effect of muscle function. 31 Several lines of research support the biological plausibility of ginger root as an analgesic. Clinical trials in osteoarthritis, dysmenorrhea, and eccentric-based resistance training provide supportive data in humans. 11 The specific mechanisms by which ginger root reduces pain are still being explored, but at this point, the effects of ginger root are partially attributable to the inhibition of COX enzymes. 11 Ginger may selectively inhibit COX-2 with limited effects on COX-1, 32 and this selective inhibition of COX-2 helps account for the differential effects of ginger and NSAIDs on GI integrity, since COX-1 plays an important role in stimulating stomach mucosal prostaglandin synthesis. 33 Beyond effects on COX enzymes, ginger root is an agonizer of the transient receptor potential vanilloid 1, 11 which is expressed throughout nervous system tissues and plays an important role in pain processing. 34 Strengths of this study include the ecological validity stemming from the participants' background training. Most studies examining the effectiveness of dietary supplements on muscle soreness have used relatively artificial exercise stimuli. Furthermore, the measurement of ginger constituents (gingerols and shogaols) is a clear strength, since a significant proportion of prior studies did not standardize the amounts of ginger constituents or provide estimates from laboratory analysis. 11 The amounts of gingerols and shogaols found in our supplements were similar to amounts detected in commercially-available supplements. 25 Limitations to the study include the small sample size, which did not provide statistical power to detect small to modest effects for the muscle function measures. In addition, men in the placebo group had a higher median body weight compared with those in the ginger root group, although there is no specific reason for us to believe this would substantially influence the results. The distance for the training run also varied slightly between individuals; however, the average distances covered were similar between groups (21.5 and 21.6 miles), making it an unlikely explanation for the differences in soreness between groups. Finally, we did not assess changes in COX enzymes or other pain-mediating pathways, which precludes making definitive statements about mechanisms responsible for the reductions in muscle soreness.
In conclusion, supplementation with 2.2 g·day -1 of ginger root for five days may be effective at reducing jogging-related muscle soreness stemming from a 20-22 mile bout of running. Despite apparent benefits for muscle soreness, ginger root may not be an effective means of speeding muscle function recovery following prolonged endurance running. Future studies should compare the effectiveness and safety of ginger root to other commonly-used substances (NSAIDs) for the reduction of running-related pain. 
